ABSTRACT: Besides group A rotaviruses, group B and C rotaviruses have been detected as the cause of diarrheal diseases in pigs. Of a set of 329 faecal samples from pigs, 16 samples were selected in which rotavirus was detected by electron microscopy and at the same time group A rotavirus was excluded by ELISA method. Rotaviruses were assayed using specific primers for detection of group B and C rotaviruses, and RT-PCR and semi-nested PCR methods. In one sample, no rotavirus of group B or C was detected; in the remaining 15 samples rotavirus group C was detected, in two samples together with group B rotavirus. Sequencing of the obtained PCR products and comparison with corresponding gene sequences revealed 80% nucleotide sequence identity between group B rotaviruses and available sequences of porcine isolates. A nucleotide sequence identity of 92% was obtained in group C rotaviruses as compared with the Cowden strain.
Rotaviruses are important pathogens with a worldwide distribution and cause gastroenteritis in warm-blooded animals and humans. Rotaviruses are classified as RNA viruses belonging to the family Reoviridae, genus Rotavirus. The viruses are uncapsulated and are 65-75 nm in diameter. The genome of rotaviruses consists of 11 segments of double-stranded RNA; the RNA is surrounded by a triple layer icosahedral protein capsid (Estes, 1996) . Each segment codes for at least one protein. The outer protein layer is composed of two major neutralizing antigens -viral protein 4 (VP4) and viral protein 7 (VP7). Viral protein 6 (VP6) of the second layer of the capsid is called the group antigen. It is used for rotavirus species identification and classification into seven groups designated A-G. Viral proteins of the inner capsid layer (VP1, VP2, VP3) determine RNA segment arrangement inside the capsid, and VP1 is an RNA-dependent RNA polymerase. Rotaviruses of group A-C infect both humans and animals, causing diarrhea, while rotaviruses of group D-G infect only animals.
In swine, group A rotaviruses have been detected most frequently. group B and C rotaviruses, also called rotavirus-like or pararotaviruses (Bridger, 1980; Saif et al., 1988) are morphologically identical with group A rotaviruses; however, they differ in electropherotype profile of genomic RNA and antigenicity. Therefore, they cannot be detected by tests using monoclonal antibodies for the detection of the VP6 protein of group A rotaviruses.
Group C rotaviruses were first detected in pigs (Bohl et al., 1982) . Later, they were detected worldwide in humans and other animal species with clinical signs of diarrhea (Bridger et al., 1986; Saif and Jiang, 1994) . Group C rotaviruses have been identified as the causal agents of diarrhea in suckling and newly weaned piglets (Morin et al., 1990; Magar et al., 1991; Saif and Jiang, 1994) . Kim et al. (1999) demonstrated for the first time their role in diarrhea of older piglets. Many adult pigs possess antibodies to group C rotaviruses (Terrett et al., 1987; Saif and Jiang, 1994) . Tsunemitsu et al. (1992) reported up to 97% prevalence in pigs,
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while in humans the prevalence has been found to be lower (40%). Prevalence increases with age and is also higher in people living in the countryside (Nilsson et al., 2000; Itturiza-Gomara et al., 2004) . These results are suggestive of a possible zoonotic potential of group C rotaviruses. Group B rotaviruses designated as "adult diarrhea rotaviruses" were in the 1980s the leading cause of acute diarrheic disease in adult humans in China (Chen et al., 1985) . Antibodies to group B rotaviruses are very rarely encountered in humans except for the above affected region. In animals, infections caused by group B rotaviruses have been reported in pigs, cattle, sheep, and rats (Gouvea et al., 1991) .
Detection of nongroup A rotaviruses is limited by some of the particular characters of rotaviruses from these groups. Cultivation of nongroup A rotaviruses is difficult as they require, as well as group A rotaviruses, the presence of proteolytic enzymes, a sensitive tissue culture or possibly a roller type of culture. Even if all this is provided, the whole procedure is time consuming with very uncertain results. Limited replication of group B and C rotaviruses can also limit the development of specific monoclonal antibodies and ELISA tests for detection of both viruses and antiviral antibodies. For this reason sensitive methods of molecular virology (RT-PCR, semi nested PCR, sequencing) are now being implemented for direct detection of nongroup A rotaviruses in faecal samples and their detailed characterization.
The objective of our study was to confirm the presence of nongroup A rotaviruses, by means of the implemented RT-PCR method, in faecal samples collected from pig herds. The obtained partial sequences have been used for comparison with those available in the Gene Bank and identification of the obtained products of group B and C rotaviruses.
MATERIAL AND METHODS

Samples
The tests were carried out using faecal specimens from piglets exhibiting signs of diarrhoea prior to 
Column designation from the left: sample identification, age of the animal; RT-PCR = reverse transcription and polymerase chain reaction, semi-nested PCR = second amplification using 1 inner primer, + = positive, -= negative, nd = not done by this method and post-weaning. A total of 329 fecal samples were examined by electron microscopy (EM) with negative staining and the ELISA test for detection of group A rotaviruses, transmissible gastroenteritis virus (TGEV) and porcine epidemic diarrhoea virus (PEDV) (Rodak et al., 2004 (Rodak et al., , 2005a . EM rotavirus positive but ELISA group A rotavirus negative samples were selected for the detection of group B and C rotaviruses by PCR. Sample designation and age of animals (if specified) are shown in Table 1 . The samples were processed as 20% suspension in Minimum Essential Medium Eagle (E MEM) supplemented with antibiotics: penicillin 20 IU/ml, streptomycin 20 µg/ml and amphotericin B 0.005 µg/ml of medium. The supernatant obtained after centrifugation was further used for RNA extraction.
RNA extraction
RNA extraction from the obtained supernatant was carried out using Trizol LS reagent (GibcoBRL, GrandIsland, N.Y., USA) according to the manufacturer's instructions. The extracted RNA was dissolved in RNase-free water and stored at -80°C until further processing.
Primers for detection of group B and C rotaviruses
Modified primers described previously by Gouvea et al. (1991) were used in our experiments. After comparison of sequences for these genes of rotaviral groups available in the Gene Bank we modified sequences of the primers B3, B4 and C3 (Table 2) .
RT-PCR
Extracted dsRNA in a volume of 2 µl was denatured with 1.4 µl of concentrated dimethyl-sulphoxide (Sigma-Aldrich, USA) at 97°C for 5 min (Martella et al., 2001) . The reverse transcription (RT) of dsRNA was carried out using StrataScript Reverse Transcriptase (StrataScript RT, Stratagene, USA) and PCR amplification was carried out with Taq DNA Polymerase (Promega, USA). RT was performed in 20µl volume according to the manufacturer's recommendation. After synthesis of cDNA the RT mixture was brought up to a volume of 100 µl of PCR mixture containing 1.5mM MgCl 2 , 200µM dNTPs, 5U Taq DNA Polymerase and 250nM of both primers. PCR amplification was accomplished in 30 cycles (94°C for 1 min, 42°C for 2 min, 72°C for 1 min) followed by a final extension for 7 min at 72°C (Gouvea et al., 1991) . Semi nested PCR was performed with primer pairs B1-B3 and C1-C3 for detection of group B and C rotaviruses and with 4 µl DNA of template from the first PCR. Conditions for reamplification were identical with the conditions used for the first round of PCR. When attempting to detect group C rotavirus, analysis of a positive control (strain P543/1) (Smitalova et al., 2006) was always a part of the examination. As a standard positive strain of group B rotavirus was not available, inter-group primer specificity for detection of group B rotaviruses was tested using samples of positive group A and C rotaviruses.
Electrophoresis in agarose gel
PCR products (8 µl) were analyzed on 1.5% agarose containing 0.5 µg of ethidium bromide per ml. The gel was electrophoresed at 110 V for 60 min and photographed under UV light.
Sequence analysis
Products of the strains P811/4, P919/2 and P927/1 of 356 bp (group C), and strains P811/4 and P811/5 of 434 bp (group B) were used for sequence analysis. Sample purification was performed using the QIAquick PCR Purification Kit (QIAGEN GmbH, Hilden, Germany). Amplified C1-C4 products were sequenced using the MegaBACE TM DNA Analysis system (Amersham Biosciences), and the B1-B3 products using the ABI 310 Genetic Analyser system (Applied Biosystems). The obtained sequences of group C rotaviruses were compared with the VP6 sequence of the Cowden strain gene (accession number M94157) and with the sequence of the previously described strain P543/1 (Smitalova et al., 2006) . Sequences of strains where group B rotaviruses were expected based on product size, were compared with the sequences available in the Gene Bank for gene 8 of group B rotaviruses (accession numbers AY539861, AY238393, AY238383, EF577259, EF577258 and EF577257).
RESULTS
PCR detection of group C rotaviruses
A total of 16 samples were examined by PCR. These samples were found positive by electron microscopy but negative in an ELISA test which detects group A rotaviruses. group C rotavirus was detected in 15 samples. The use of RT-PCR and the C1-C4 set of primers yielded a product of the expected 356 bp size in seven samples. A subsequent analysis of RT-PCR negative samples by semi-nested PCR (C1-C3m primers) detected a product of the expected 327 bp size in an additional eight samples ( Figure 1A ). Group C rotavirus was not detected in only one sample (Table 1) .
PCR detection of group B rotaviruses
A product of the expected size corresponding to group B rotaviruses (434 bp) was successfully amplified in two samples. A positive result was obtained by analysis using semi-nested PCR (B1-B3m primers) ( Figure 1B) . No product of the corresponding size (489 bp) was detected by RT-PCR and B1-B4m primers. In the remaining samples, amplification did not detect products of the expected size. Both the samples positive for group B rotavirus were also PCR positive for the detection of group C rotaviruses (Table 1) .
Sequence analysis of group C and B rotaviruses
Nested PCR products were sequenced and the obtained sequences with a size of 317 bp (gene position 1022-1338 nt) of the P811/4, P919/2 and P927/1 strains, positive for group C rotavirus, were 
compared with the corresponding sequence of VP6 protein (gene 6) of the Cowden strain (porcine rotavirus group C) and the P543/1 strain. The sequences of the P811/4, P919/2 and P927/1 strains showed 92% nucleotide sequence identity with the Cowden strain and 97% with the P543/1 strain. The mutual nucleotide sequence identity of these three sequences was 96-97%. Two sequences of the 398 bp nested PCR products (gene position 46-443 nt) from samples positive for group B rotaviruses were compared with each other and also with the corresponding sequence of NSP2 protein (gene 8) of group B rotaviruses. Sequences obtained from two samples were identical. The nucleotide identity of the sequence obtained by comparison with three sequences of human strains ranged from 73 to 74%. Nucleotide sequence identity obtained by comparison with three sequences from porcine isolates reached 79-80%.
Detection of other viral enteropathogens
The detection of coronaviruses (TGEV and PEDV) using an ELISA test was also attemted on the tested samples. Porcine epidemic diarrhea virus was detected in one sample (P919/2).
DISCUSSION
Our study had the aim of detecting group B and C rotaviruses in samples where the occurrence of nongroup A rotaviruses was expected based on previous results (EM, ELISA). RT-PCR was used for the detection of both group B and C rotaviruses. Group C rotavirus was detected more frequently, which is in accordance with previous reports (Janke et al., 1990; Geyer et al., 1996) . In contrast, group B rotaviruses were more frequently detected by Magar et al. (1991) , together with other viral, bacterial and parasitic agents, while group C rotaviruses were detected as separate infections. In two samples, group B rotaviruses were detected together with group C rotaviruses. Another viral agent was detected in only one sample. Evidently, the presence of bacteria and parasites and their participation in the development of a clinical form of disease cannot be excluded. The selection of samples for the detection of group B and C rotaviruses based on preliminary findings contributed to their detection in most of the samples; however, the presence of nongroup A rotaviruses cannot be ruled out in samples in which group A rotaviruses as well as TGEV and PEDV were detected by ELISA tests.
In a group of samples which were used in different diagnostic tests for the detection of group A, B and C rotaviruses, sample P724 was the only one found positive by electron microscopy but negative for the detection of group A, B and C rotaviruses. Due to the high sensitivity and specificity of ELISA and semi-nested PCR methods we assume that the negative results for group A, B and C rotavirus detection but a positive finding for typical morphological structure indicate the presence of rotaviruses belonging to other groups.
The nucleotide sequence identity of the VP6 protein of group C rotavirus in samples from three different farms was 92% and 97% as compared with the strain Cowden and P543/1, respectively. The nucleotide sequence identity in sequenced samples from our herds is higher (96-97%) than in comparison with the Cowden strain. A 100% nucleotide identity of a partial sequence of the NSP2 protein (gene 8) of group B rotavirus found in two samples was probably down to their origin from the same herd. The nucleotide identity of 73-74% obtained by comparison of nucleotide sequences of these products with the corresponding sequence of gene 8 of human group B rotaviruses is relatively low. Rather surprisingly, comparison with three currently available sequences of gene 8 of group B rotaviruses isolated from pigs was not significantly higher than this (79-80%). Yang et al. (2004) performed a phylogenetic analysis of human group B rotavirus strain WH1 based on a comparison of selected genes with both human and animal strains. A comparison of the VP7 sequences from human strains revealed a considerable degree of nucleotide sequence identity (92-98%) while comparison with animal (bovine and murine) strains showed a significantly lower sequence identity (61-64%). The sequence identity of the NSP2 gene (gene 8) in mice and of the analysed strain WH1 was 79%, which is in agreement with the results of our comparison of porcine and human strains in this gene.
Since group B and C rotaviruses were detected using methods of molecular virology in the tested set of samples, nongroup A rotaviruses should be considered as potential enteropathogens present in our herds. The frequency of their incidence will probably not be as high as group A rotaviruses and it is difficult to determine their epizootiological importance in the development of gastroenteritis in pigs. Clarification of their significance, variability and participation in possible inter-species transmission is at present the objective of other investigations.
